Abstract
Background
Self-rated health (SRH) is a subjective measure that is being used to monitor the health of various populations [1, 2] . Although the factors taken into consideration by SRH are not yet totally understood, individual SRH seems to reflect a comprehensive perception of health which includes biological, psychological and social aspects unlikely to be grasped by external observers [1] . It can also express health behaviors, psychological and social well-being, trajectories in health over time, socioeconomic conditions, and overall quality of life [3] . Symptoms such as chronic pain and fatigue are also pointed to as important elements that may influence SRH, while even sub-clinical dysfunctions unlikely to be diagnosed as medical conditions can be perceived by individuals and incorporated into their self-assessment [4] .
The single item used to gauge SRH -commonly implemented by the question "In general, how would you rate your health?" -has attracted health researchers' attention because it is easy to answer [2] and low-cost [5] , but especially due to the accumulated evidence of its association with morbidity [6] , health service utilization [1, 5] , socio-demographic indicators such as age, sex and education [7] and, most importantly, mortality [8] [9] [10] .
A number of studies evaluating population groups in various countries for varying follow-up periods have found that respondents who perceived themselves to be in poor health display hazard of mortality 2 to 7 times greater than those who perceived their health to be excellent, even after adjustment for diseases and other important health conditions [2, 8, 9] . A dose-response pattern is also observed by Likert-type scale response options (for example, Very good, Good, Fair, Poor or Very Poor), with the likelihood of death increasing gradually towards the "Very Poor" response category [8, 9, 11] .
Although the relationship between SRH and mortality is well documented in the literature, most studies have evaluated SRH at only one point in time, generally at the study baseline [10] [11] [12] [13] . However, SRH is expected to vary over the course of cohort follow-up [14] [15] [16] , and these changes must be incorporated into the analyses, because worsening SRH is an important predictor of mortality [15] .
There are many issues that give good reason for studying the association between SRH and mortality in our specific cultural context. First, there are few studies on such relationship arising from Brazil, a country with a different socioeconomic profile as compared to most developed countries where the majority of reports on the relationship between SRH and mortality comes from. The three existing studies have investigated the association only in populations over 60 years of age and used only one measure of SRH, taken at the baseline [17] [18] [19] . Second, the pattern of mortality by age and cause and the profile of response to the SRH question are quite diverse; both might per se contribute to a different pattern of association between SRH and mortality. Finally, there are recognized cultural differences in SRH classification [20] , which also might alter the relationship between SRH and mortality in different contexts. The aim of this study is to evaluate the association between SRH reported at three data collection stages and mortality, over a period of 10 years, among a cohort of non-faculty civil servants at a public university in Rio de Janeiro.
Methods

Study design and population
This study draws on a longitudinal prospective study of non-faculty civil servants at a university in Rio de Rio de Janeiro, Brazil (the Pró-Saúde study), directed mainly to investigating social determinants of health outcomes.
At stage 1 of the study (1999), all regular employees in technical administrative positions were considered eligible, except those who had retired, were on leave of absence, had been dismissed or seconded to other institutions (N = 4030, 91% of the eligible population). The analyses presented here include all employees participating in stage 1 with valid responses to the question on SRH (N = 4009). Of these, 80.7% (N = 3237) were followed up at stage 2 of the study (in 2001) and 81.2% (N = 3255), at stage 3 (in 2006). These participants' life status was monitored until May 2009. The responses for SRH at stage 2 and stage 3, whenever available, were incorporated into the analyses.
Measurements
Participants filled out a self-administered questionnaire. Self-rated health was evaluated on an ordinal basis, as measured by the question "In comparison with people of your age, how do you rate your own overall health status?". The response options were: "Very good", "Good", "Fair" or "Poor". For the analyses, the levels "Fair" and "Poor" were grouped into a single category, because the category "Poor" was mentioned by only a small number of employees at stage 1 (N = 63). A test-retest reliability study with a two-week interval between responses was performed among individuals not enrolled in the study cohort, but whose sex, age and literacy profile was similar to that of the cohort. Reliability for the SRH reported at stage 1 of the study (1999) was estimated using weighted kappa (square weighting), returning a value of 0.65 (CI95% 0.54-0.72).
Deaths occurring in the cohort between 1999 and 2009 were identified by consulting the university human resources department. In order to investigate their causes, these deaths were located in the national Mortality Information System (SIM) database up to 2006 -the most recent data available -by means of probabilistic record linkage technique. Reclink [21] was used, applying a five-step blocking strategy with keys formed by combining sex and Soundex phonetic codes for first and last names. Records were paired by name, mother's name and date of birth, with the linkage parameters estimated by means of the EM algorithm [22] . Using this strategy, 96% of the deaths occurred up to 2006 were identified in the mortality database. It was opted to consider the information from the human resources department as a primary source with a view to: (1) permit identification of the events that occurred up to the end of the observation period (2009), since deaths occurring after 2006 were not available in the SIM; and (2) prevent identification of deaths that did not in fact occur (false positive errors). These latter, even when random, have greater impact on the validity of ratio-type measures of association than false negative errors [23] . Participants still living in May 2009 were right-censored.
The covariates included in the study were defined as: a) age (years): < 35, 35 to 44, 45 to 54 and >54; b) sex: male or female; c) income: per capita family income terciles in U.S. dollars (US$), calculated by dividing the median of the net income bracket by the number of dependents on that income, and converting to August 1999 dollar values (median date of entry into the study in 1999) of US$1.00 = R$1.70; d) schooling: fundamental (up to incomplete high school), middle (complete high school and incomplete university) or university (complete university or more); e) chronic diseases: self-reported lifetime medical diagnosis of arterial hypertension and/or diabetes mellitus and/or myocardial infarction and/or cerebral vascular accident and/or pulmonary emphysema/ chronic bronchitis -categorised as none, or at least one, of these conditions; f) presence of common mental disorders: evaluated on the General Health Questionnaire (GHQ-12) scale -categorised as present (at least three affirmative responses among the 12 items of the scale) or absent [24] ; g) body mass index (BMI = weight/height 2 , in kg/m 2 ): calculated from weight and height measured and classified according to World Health Organization recommendations -categorised as underweight or normal weight (<25 kg/m 2 ); overweight (25 to 29.9); or obesity (≥30) [25] ; h) current habit of smoking: yes or no; i) marital status: married, separated, widowed or single; and j) color/race: as reported by the participant from the Brazilian census ethnic categories -white, 'pardo' (mulatto), black, asian or indigenous. Those who classified themselves as asian or indigenous were grouped into a single category ("others"), as they represented only 2.5% of the population.
All variables analyzed were collected at stage 1 only, except the main exposure variable ( All participants signed a declaration of informed consent, and the research protocols were approved by the Research Ethics Committee of the Institute of Social Medicine of the State University of Rio de Janeiro.
Statistical analysis
The association between SRH and mortality was estimated using extended Cox proportional hazard models with both SRH and chronic diseases varying over time. Follow-up started on study entry date, and the variable was updated at each new interview. The Kaplan-Meier estimator and the log-rank test (p < 0.15) were used to select the variables to be evaluated in bivariate Cox models, where hazard ratios (HR) were estimated. The variables that proved statistically significant in the bivariate models (p < 0.05) were then included in the multivariate analysis.
Variables' entry into the multivariate models was determined on the hierarchical causality theoretical model, including first the distal characteristics (age, sex, color/race, schooling, income and marital status) and then the intermediate characteristics (chronic diseases, smoking, BMI and common mental disorders). In order to be maintained as a confounder in the multivariate model, each variable had to be associated with the outcome at a 5% level of significance (p < 0.05) and/or alter the effect of SRH on mortality by at least 20%. It was decided a priori that "chronic diseases" would be retained in the final model independently of these criteria, due to its importance as an alternative explanation of the causal chain. The Cox model's assumption of proportional hazard for each variable over time was checked by analysis of Shoenfeld's residual analysis and the functional form of the continuous variables age and income was checked by analysis of Martingale's residual analysis (p < 0.05). All analyses were performed using the R statistical package, version 2.10.0 [26] with the survival library [27] .
Results
Due to the difference in hazard of death encountered among men and women, by SRH, the analyses were performed separately by sex ( Table 1 ). The group studied was mostly female (55.6%) and predominantly young adults (mean age = 40.1 years) ( Table 1) . About 40% had completed undergraduate or postgraduate education, 52% classified themselves as white, and just over 20% were smokers at the time of the study. Approximately 30% reported at least one medical diagnosis of some disease of interest. In addition, more than half the population were overweight (BMI ≥ 25) and the prevalence of common mental disorders was estimated at more than 30%.
At stage 1, health was self-rated as "Very good" by 28.2% of participants, "Good" by 53.2%, "Fair" by 17% and "Poor" by 1.6%. Self-perceived health was worse among women than among men, with 21.3% reporting SRH as "Fair" or "Poor", compared with 13.2% of the men (p < 0.001). In both sexes, worse SRH was also observed among the older individuals, those with less income, less schooling, who were widowed, who reported some disease, had higher BMI, were classified as positive for common mental disorders or as smokers, for both sexes (p < 0.05) (data not presented). At stages 2 and 3, SRH prevalences were, respectively, 27.8% and 26.3% (Very good), 51.5% and 50.7% (Good), 17.8% and 20.2% (Fair), and 1.6% and 2.2% (Poor).
As regards changes in SRH over the course of followup (Figure 1 ), 36.2% of the population changed SRH category from stage 1 to stage 2, and 38.2% from stage 2 to 3. The pattern of change was more often towards worsening health than towards improvement, and that difference was most marked from stage 2 to stage 3 (21.3% worsened and 16.9% improved) than from stage 1 to stage 2 (19.1% worsened and 17.1% improved). However, the proportion of participants whose SRH deteriorated or improved by two categories (from "Very good" to "Fair/Poor", or the opposite) was very small: 1.2% and 0.8% from stage 1 to stage 2; and 1.1% and 1.0% from stage 2 to stage 3, respectively.
Of the 4009 participants with complete SRH data at stage 1 (99.5% of participants at that study stage), 117 had died by May 2009 (Table 1 ) and the cumulative incidence of death among the men was almost double that estimated for the women (0.039 and 0.021, respectively). For both sexes, cumulative incidence of mortality increased with worsening SRH (Table 1) . Log-rank tests for survival differences were all significant, except for common mental disorders, BMI, race and marital status among men; and common mental disorders and smoking among women. Figure 2 shows the Kaplan-Meier plots illustrating the effect of SRH measured at stage 1 of the study, among men and women. The causes of mortality for deaths occurring up to 2006 (N = 80) were distributed as follows: diseases of the circulatory system (N = 24, 30%), neoplasms (N = 13, 16%), diseases of the respiratory system (N = 11, 14%), external causes (N = 8, 10%), infectious and parasitic diseases (N = 6, 8%), endocrine, nutritional and metabolic diseases (N = 6, 8%), diseases of the digestive system (N = 4, 5%), symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified (N = 4, 5%), and others (N = 4, 1% each). Distribution of causes of mortality was similar for men and women, with the exception of external causes, which constituted the second cause of death among men and did not figure among causes of death for women.
The crude survival functions indicated that hazard of death for women with "Fair/Poor" SRH was seven times greater than for those with "Very good" SRH ( Table 2) . Among men, the hazard was four times greater than for the reference category. After adjustment (model 4), men who reported "Fair/Poor" SRH showed relative hazard of death of 2.13 (CI95% 1.03-4.40) and women, 3.43 (CI95% 1.23-9.59), as compared with those who reported "Very good" SRH. Hazard of death for participants with "Good" SRH was not statistically different from the hazard of those whose SRH was "Very good". Schoenfeld's residual analysis confirmed the proportional hazard assumption. As the Martingale's residuals indicated that the variable "income" did not display a linear function form, it was categorized in terciles.
Discussion
As far as we were able to discover, this study, which involved follow-up over a 10-year period, is the first in Brazil to investigate the association between SRH and mortality in a population of young adults. Men and women with "Fair/Poor" SRH had 2.1 and 3.4 times greater hazard of mortality, respectively, than those with "Very good" SRH, independently of reporting diagnoses of chronic diseases and other covariates. A number of studies [4, 10] , including review articles [2, 8] and meta-analysis [9] , point to SRH as an independent predictor of mortality. In Latin America the only three studies of this subject -all evaluating populations of older adults -come from Brazil. Two of them also encountered greater hazard of mortality for individuals with worse SRH [18, 19] . In the third study, excess hazard ceased to be significant after adjustment for cognitive function [17] .
The prevalences of the worst category of SRH estimated in our population were similar to those found among industrial workers in Brazil [28] and lower than observed in Brazil's overall population [7, 29] . The differences between our findings and those of populationbased studies can be explained by the fact that our population was younger, had permanent employment and more schooling, which characterize better conditions of life and health than those of the overall population. The incidence of mortality in the cohort (0.25%) was also lower than the mortality rate observed in the population from 30 to 59 years old in Rio de Janeiro State (0.56%) (mean for the period from 1999 to 2006) [30] . The Pró-Saúde study cohort and the population of Rio de Janeiro State have similar profiles in terms of causes of mortality, except for external causes, which had more influence on mortality in the overall population than in the cohort, and diseases of the respiratory system, which occurred more often in the Pró-Saúde study population [30] .
The results of previous studies have varied as regards whether hazard of death, comparing the worst and best SRH categories, is greater among men or women. Some estimated greater relative hazard of mortality among women than among men associated with "Poor" SRH [1, 16, 31] ; others found greater relative hazard among the men [32, 33] . In our study, relative hazard of mortality was higher for women than for men. The fact that external causes were the second cause of death among the men and did not figure among causes of death for women may have contributed to this result, given that these conditions are less associated with self-rated health than other causes of death [4] . However, this difference between hazard of death for men and women must be interpreted with caution in our study, because there are few observations in some categories, (e.g., only 3 women in the "Very good" SRH category had died) generating imprecise estimates (model 4, Table 2 ).
The presence of diseases is identified as the main potential confounder of the relationship between SRH and mortality [11] . In our study, although inclusion of this variable contributed to reducing the strength of the association between "Fair/Poor" SRH and mortality (reduction of age-adjusted HR by 32.4% and 27.3% in men and women, respectively), SRH continued to be an independent predictor of mortality. Other studies that adjusted for the presence of diseases found similar results. Mossey & Shapiro [12] , in a pioneering study of the association between SRH and mortality, showed that the mortality hazard associated with worse SRH was stronger than the mortality hazard associated with objective measures of health. In the study by Idler et al. [11] , SRH was a significant predictor of mortality, even when physical health status was taken into consideration. In the same way, Mackenbach et al. [13] showed that adjusting for a set of self-reported chronic diseases, for sociodemographic variables and for behavioral risk factors, attenuated the effect of SRH on mortality by about 44%, in comparison to the effect measure adjusted only for sex and age; nonetheless, the excess mortality risk associated with worse SRH continued about four times greater. Other authors, on the contrary, observed that the presence of diseases explains the absence of an association between SRH and mortality [10, 16, 32] .
Idler & Benyamini [8] suggest some possible interpretations for the effect of SRH on mortality, independently of the presence of diseases and other risk factors. SRH is an accurate, inclusive measure able to reflect symptoms of existing diseases still at prodromal stages, or even the influence of family risk factors on health. In addition, it represents a dynamic assessment that considers health trajectories and not just the health status at the time of assessment. It is also related to behaviors that affect health status, such as lesser adhesion to preventive practices and to treatment. Moreover, it is a measure that can indicate the presence or absence of psychosocial resources capable of attenuating decline in health. Manderbacka [34] suggests that in addition to the medical model of health, adopting health promotion messages and "healthy" lifestyles are important factors contributing to health assessments.
Many studies have indicated that the ability of SRH to predict mortality diminishes with increasing cohort follow-up time [10, 31, 35] . This result may possibly stem in part from the use of SRH measured at the baseline alone, making it a good predictor of early mortality, but not of late mortality. The studies that have investigated the association between SRH as a time-dependent covariate and mortality using Cox regression [14] [15] [16] 36, 37] are not that frequent, but the results are consistent.
In the study by Strawbridge & Wallhagen [14] , timedependent SRH was a predictor of mortality among women and men from 21 to 94 years of age (relative hazard = 1.44; CI95% 1.25-1.65). Han et al. [15] investigated SRH among older women at baseline and every six months for three years. Change in SRH from "Excellent" to "Poor" entailed twice the hazard of death as compared to stable "Excellent" SRH.
Some limitations of this study deserve mention. Our results might have been biased due to lack of complete information on changes of SRH over time for the participants. About 14% of them had only the first baseline SRH measure, and other 10% had only two SRH measures (baseline plus SRH recorded on stages 2 or 3). The potential effect of such problem on the results is unknown, but one might suppose that those who drop out would probably have worse health as compared to their earliest SRH evaluation and higher probability of death. Including only the first SRH assessment for these participants would probably lead to underestimation of the strength of the association between SRH and mortality. In addition, we didn't have the measure of chronic conditions on stage 3, thus possibly slightly overestimating the independent effect of SRH. Last, it was not possible to update the status of some covariates in our analyses. However, considering that the population is made up of staff at a single public institution, changes in income and schooling are uncommon.
Moreover, deaths occurring after 2006 could not be identified, as they were not available in the Mortality Information System (SIM). However, the high proportion (96%) of deaths recorded in the university human resource system that were also found in the SIM database between 1999 and 2006 warrants our belief that the university records for deaths occurring from 2007 to 2009 are valid. Besides, the university records system is extremely reliable, as the family must notify the institution of any death in order to secure their right to a regular pension and funeral costs. Lastly, it cannot be guaranteed that residual confounding is absent, given that only some medical diagnoses were included as self-reported chronic diseases, and objective measures of health (biochemical tests, electrocardiogram, etc.) were not used. Nonetheless, we believe that this potential residual confounding is not considerable, because a number of studies using objective measures have arrived at results similar to ours [11, 12, 38] .
Analysis of SRH in three categories (instead of the "SRH positive"/"SRH negative" dichotomy found in most research) and also the use of both SRH and presence of diseases as time-dependent covariates, make the results of this study more robust and comparable to those of the few studies that use a similar strategy. We consider that analysis of SRH that changes over time is the most appropriate analytical method for investigating the relationship between this variable and mortality, given that these alterations are frequent. Failure to incorporate such information can result in misclassification, which in our study would affect about 40% of the participants.
As regards external validity, the results obtained in the Pró-Saúde study cohort may represent an approximation to what is occurring in the middle strata of the economically active population of Brazil's major metropolises. Subsequent studies could investigate the role of SRH in predicting specific causes of mortality, which was not possible in the Pró-Saúde study given the small number of deaths. It would also be interesting to ascertain whether specific causes of mortality can explain the differences observed between men and women in the SRHmortality relationship. It is also suggested that studies investigate different SRH trajectories over time, and their association with mortality.
